Abstract-With the development of the times, people's lifestyle and eating habits are changed a lot. Worldwide, breast cancer is the second most common type of cancer after lung cancer and the fifth most common cause of cancer death. Diagnostic ultrasound (US) of breast cancer is currently the major clinical detection method. It is recognized as a safe, effective, and highly flexible imaging modality capable of providing clinically relevant information about most parts of the body in a rapid and cost-effective fashion. However, ultrasound imaging usually contains a large number of noises and speckles. That will impact greatly on diagnosis by physicians. Therefore, we proposed a method to enhance the computer-aided diagnosis (CAD) of the breast cancer tumors and to reduce detection time and error rate. Experimental investigations demonstrated that the texture variance of 3D ultrasound were effective and useful for differential diagnosis of breast tumors. Texture extraction with proposed method can find malignant more accurate than auto-correlation.
In recent years, diagnostic ultrasound has greatly improved due to advances in transducer design and signal processing. It has become an important tool for breast cancer diagnosis [1] . X-ray and diagnostic ultrasound are used to diagnose breast tumors. A feature of malignant tumors is that the boundaries appear as uneven complex shapes compared with those of benign tumors. Because xray is a transmission imaging technique and has relatively high resolution, it has been proposed in several methods for breast tumor evaluation. On the contrary, there are some advantages in using ultrasound in diagnosing breast tumors, compared with mammography, such that US images are obtained as cross-sectional images not as transmission images.
There are three important targets to discriminate the malignant tumor and benign tumor in US images: a) Tumor contour, b) Texture feature and c) Growth rate. A benign tumor is a well-defined growth with smooth and obvious boundaries that simply grows in diameter. The texture feature of benign tumors is similar to the normal muscular tissue. However, a malignant tumor is usually fast-growing with rough and obscure boundaries. The texture feature of malignant tumors is far away from the normal muscular tissue.
In general, a contour volume of interest (VOI) is composed of a stack of planar which is region of interest (ROI). The procedure of VOI extraction is proceeded with two steps. First, the physician must decide three key planes in the 3D volume, called the first, middle and last planes. As shown in Fig. 1 , the first plane is the first slice that contains the tumor and the last plane is the last slice that contains tumor. However, speckles, noise, and tissuerelated textures always consist in the digital ultrasonic image (USI), physicians without clinical experience always made a miscarriage of diagnoses. We have proposed a method of tumor contour segmentation. We extracted tumor contours by image processing of texture feature variation. We either proposed an algorithm of tumor texture extraction to calculate tumor information of internal and edge feature points as a basis for judging benign and malignant.
In this thesis, Section 2 described important concepts and materials, methods. There are source image extraction, methods of image preprocessing, tumor segmentation and texture feature extraction, and judgment of benign and malignant by neural network. The diagnostic program results were shown in Section 3. Finally, the conclusion and future research were discussed in Section 4. The flow chart of our CAD system is shown in Fig. 2 . 
II. MATERIALS AND METHODS

A. 3D Ultrasonic Imaging
The USI is a kind of imaging method with using widely. 2D USI is mainly with gray level image, and it only has single plane information. 3D USI has multidirectional detection. Physicians can observe different views and their judgments can be enhanced. The USIs are several slices. We should find three slices which have tumor information from whole continuous tumor slices, and the slices are circled ROI by physician. In these slices, the First and the Last slice represent the beginning and end of a tumor (as Fig. 3 ). The tumor information of the Middle slice is most complete and has biggest tumor area. In order to improve the accuracy of the diagnostic system, we used the middle slice as the main diagnostic image. Because there will be insufficient information by only one slice, we should add other image information. For obtaining the images of larger scope and more information, we added two slices as following: (i) in the middle of First slice and Middle slice, (ii) in the middle of Middle slice and Last slice into the diagnosis system as a basis. Now, there are three slices in one case.
192 cases are composed our USI system database by using above method sequentially. Nevertheless, our texture detection method is unlike in the past which is more robust than traditional technics, it obtains the texture feature from the two images. Therefore, we added the next slice from the three above-mentioned slices in every case as shown in the blue numbers of Fig. 3 . Hence images of the texture feature aided system became double, compared to the original database. The implementation of the performance will not be affected, because one case is only dealt with six images, not one by one.
B. Image Pre-processing
To filter the USI noise, the USI should be preprocessed before texture detection. In the beginning, using Gaussian Low-pass filter eliminates high-frequency noise to smooth images and enhances certain frequency characteristics. At last, the range of gray level is uniformly distributed over the histogram from the original image by Histogram Equalization algorithms. Because the contrast of general musculature and tumor tissue is very small, Histogram Equalization can distribute illumination evenly so that the contrast is increased.
C. Tumor Contour Segmentation
Watershed segmentation is one of the more effective image segmentation methods [11] . Watershed segmentation considers the gradient magnitude of an image as a topographic surface. Pixels have the highest gradient magnitude intensities correspond to watershed lines, which represent the region boundaries. Water placed on any pixel enclosed by a common watershed line flows downhill to a common local intensity minimum. Pixels drain to a common minimum form a catch basin, which represents a segment. The boundaries of catch basin are called watershed. For promoting the accuracy of our system, we modified the traditional watershed algorithm with two morphological operations which are Opening and Closing to extract tumor contour. To improve the segmented method, hence the image segmentation process is divided into four steps.
1) Gradient Thresholding with Sobel
After gradient-thresholding, the value of gradient represents the edge characteristics. If the gradient is large, the edge feature is strong. In the opposite way, the small gradient expresses the weak edge feature. We used this rule to mend the over-segmentation (shown in Fig. 4-(b) ) about unimproved watershed algorithm to decrease numbers of initial regions effectively.
2) Opening-Closing of Morphological Reconstruction
The over-segmented image causes piecemeal regions easily. To connect similar regions becomes more complete regions such that the soaking height reaches a threshold. Hence this step uses morphological Opening and Closing [13] . They are the composition of Dilation (1) and Erosion (2) which are two most fundamental morphological operations. F (the pending done image) would be operated with B (the Structuring Elements), as follows.
The morphological Opening of the image F by connecting B denoted as F。B, is defined as
The morphological Closing of the image F by connecting Structuring Element B denoted as F‧B, is defined as
After the Gradient Thresholding, the image is performed using the morphological Opening, then the image is kept to be performed the morphological Closing (the result as shown in Fig. 5-(b) ). The image through Closing, after Opening operating.
3) Thresholded
Using statistical methods obtains the best threshold to cause a binary image according to pixel distribution. Thus we used Otsu's thresholding method [9] . The main purpose is assisting watershed segmented method to decide the flooding location and segmented regions. Then, the important edge information can be retained.
4) Dilation the Region
Our study calculated the information in the tumor region as well as the tumor edge texture which is the adjacent region of muscular tissues around tumor. To obtain the edge, we used Dilation to extend 10 pixels, and then subtracted the segmented region after previous step. Hence, we have completed the contour segmentation. In the tumor contour segmentation, one image is segmented two regions which one is the tumor area and the other is the tumor edge. The image segmentation method is applied to other images in succession.
D. Texture Extraction
We extract texture with two manners. One is the variance algorithm by Gabor filter. The other is coarseness and contrast .
1) Variance Algorithm by Gabor Filter
In this stage, we dealt with two images at the same time when proceeding texture extraction. In this process, the original images would be convoluted with Gabor filter G(x,y) (5). Gabor filter can not only enhance texture but also distinguish different texture regions and intensify edge gradient [6] . . (6) where I(x,y) is the original image, G(x,y) is an 8×8 mask, as shown in Fig. 6 , h is the height of the original image and w is the width of the original image.
We mainly extracted the best energy I g (x,y) of texture.
After figuring out I g (x,y) of two continuous images at the same time, we calculated the variance v of the two images. The computational method is divided into four phases as follows. And the results are shown in Fig. 11 and Fig. 13 .
a) Compile statistics on the numbers of pixels within inside the tumor contour S(x,y).
b) Subtract two continuous image after convoluted with gabor filter. (10)
c) Compile statics on the numbers of pixels within inside the tumor contour of ΔI
There are three sets of images plus eight orientation filters in one case. Then we can obtain 24 variances in one case. We showed the value distribution of v as in 
1) Coarseness and Contrast
There are six methods to extract texture feature [12] . They are coarseness, contrast directionality, linearity, regularity and roughness individually. The first three is most important. According to the demand of our experiment, we used two methods which are coarseness and contrast, as below. However the directionality was replaced with Gabor filter. 
a) Coarseness
where image size is m×n, k is maximum difference moving average and also a constant of 1~5. . (12) where is the standard deviation and u 4 is the fourth moment about the mean. There are 26 texture feature data after adding the coarseness and contrast. Finally, we trained those data on neural network. Afterward, the training result is stored in our knowledge database so that comparing with the unknown cases. 
E. Neural Network
In recent years, neural networks are widely used in medical imaging research. Our system used the backpropagation network which is one of neural networks. It has the characteristic of "supervised learning". During the training process, every output data can be told what its desired response to input signals ought to be after inputting one case every time [10] . Supervised learning is also a kind of error convergence that is the minimization of error. The purpose is to minimize the error by fixing a set of weights.
Consequently, we had 26 values in input layer that is 26 values of v, 10 training phases in hidden layer and only one output finally, as shown in Fig. 9 . We inputted all of v which is the data represented texture feature. According to neural network computation, the initial output result is from 0 to 1. But there is only one output (0: Benign tumor; 1: Malignant tumor) through thresholding.
III. DIAGNOSIS RESULTS
However, we had 192 pathologically proven cases which including 128 benign breast tumors and 64 malignant breast tumors to input our neural network diagnosis system. Through 30,000 learning cycles, we compared our segmented result with ROI by physician, as shown in TABLE II and TABLE III. And the TABLE IV described the Accuracy 96.35% (175/192), the Sensitivity 95.31% (57/64), the Specificity 96.88% (118/128) and the Positive predictive value 93.85% (57/67), the Negative predictive value 97.64% (118/125) in our system. Obviously, our segmented method is a efficient edge selection, that was more accurate than selection by physician. Our method of texture extraction with Gabor filter is also more accurate than Auto-correlation.
IV. DIAGNOSIS RESULTS
We rearranged the existing technology and improved it, such that the speckle noise is eliminated by the Gaussian low-pass filter, contrast is increased by Histogram Equalization. In addition, the image after enhancing has higher efficiency than traditional watershed segmentation Figure 9 . The training process in our study. and then there are not easy to cause over-segmented regions. In traditional texture extraction, most minutiae about Orientation and so on are processed separately. However, Gabor filter is an ideal texture analysis that simultaneously provides a directional, frequency and other parameters to extract texture feature accurately.
In our system, one case can be compiled statistics of 24 v and one coarseness, one contrast regardless of Benign and Malignant tumor. The training result which 192 cases are trained by neural network can come up to 90%. There are 5% Accuracy, 3% Sensitivity, 6% Specificity, 10% PPV and 2% NPV by our system more than physician. In all statistics, FN and NPV are the main evidence. If patients who have malignant tumor are misdiagnosed, they are life-threatening due to spread of tumor. Hence the value of FN is smaller, and then that means better. The higher NPV represents more precise. Moreover, our experimental results showed smaller FN and higher NPV than other method. TN: In the benign cases, the numbers are diagnosed accurately.
FP:
In the benign cases, the numbers are misdiagnosed.
TP:
In the malignant cases, the numbers are diagnosed accurately.
FN:
In the malignant cases, the numbers are misdiagnosed.
Future works are two aspects which one is ROI by auto-selection instead of physician, and the other one is 3D virtual model of tumor. The former can improve not only overall efficiency but also accuracy. The latter can make 3D filter such as 3D Gabor filter to enforce the 3D tumor directly. That will extract 3D texture feature to promote diagnostic results.
